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C ; ^§ ggp ^ 

D : TfEl 

L : B8 S3 

Qs : OilHEl £! £j E -*i£ MISFET 

5 Bi-Ea g*| 5! 3 El£ »HH ^ ^SL DRAM(Dynamic Random Access Memory IT 

s §m me ^xK?HSHAiEi)e ^ofe §if agsw ^ eraa saw ^Eo^lOII 

H«f 201 a. 

4»tt DRAM—, DilSEI 4! 2 E ^g MISFET 0| MISFETOil ^13 S^t£! §S «3| §^ ^XrM §H1 
SIO. 0! §M gef ^x^, 01IM S3, «W 3=01 E|£ £EI5, BSS|0| El 5 fcWHW 

mm S3, VH85-55464S: SMOife, CHS 3±HK*M* 2=)<11) SIM Eiti SIT 
oF BBSKM)* WDOI 7HAIEI0) 2iCK 

Eto §7-15991 7s: ^£0fl=, H£SE^ 301 ES'S Crl§ flEISCSW 2 = )(3) 91 01 tt&tEMT* 

(5)s ««*j- », an a ai2 ■flBia-iitt&BMi oaigir** aasftte wsoi jhaieioi sto. 

Ett ^7HS 7-1 61 9342 gSDfl^; SiM UStt *W B^(W)(4) ?|0il S3^SA| TaA^(5)M 

heilk *^ a=wi ^Ei^e oiw^ 3^011=, n ssn ^^ei~ ofleirsi aasu sfgej 

§ §*l £!(£!■£ 70CTc) AIM, ^EI^HF #&£!trm°J SCHI £EI^ tfSfflefOI «SE| 

6 ^ST^fe, DRAM2J 3^ Soffl 2iHD), ^stl" Slf ?«0IU SEOfl 
CH§K31 'CISPH SMM t«§hn 2iCK 
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sfe m&m srasfe aoi aswixm sad. crew, aaiss chssb a?i mM a^ meu 
sir agar xh sail cHti- ns^ eih sad. 

□em 2sm teem sack oi srs §2 ^ assiafl smaie flstprai. » 

s ns®m**m ggzm am, str, s^oi7i man spi asms soi 7femoi, sir# s-7hAi?i 
& ai Hwwmtefii azKPi qhsoiq. 

HE1LK H^2BAI RuSM aSt* 3?, □ gAH §3EI = 2sfSie»2| SSSHJ stl°J 7H£!e 
£14* SSE|(£te SSI7I 3, 700X ) AI OIL Ru°|21 iftKHI 2j*J- a^OII 2|« £»»&iP2tw 5^01 

EtN Ru5[2J #£HM 2J4!- i-fl*! SSOI £!sl-9ir^2j SSS 7>H« §E£ Ol-td S^EI-E, RuSf £2] ah 

±7 r ss .ssf ^AeK mhei a asts misfeti s*Wrfe s^(oae ss aanpra oism- 
tfaag-ass^i £» «s» waAiaD. 

a a^o| 3510^ astai ^U2j ;h^m w& basin sjy w a^sj tmm 

v * si~ 7isa xosftt^ ami sack 

SEtt, B »32| oc^h ggf gg°}OtU §^ a^a §M SSf ±7J2J 

H22| ESS 4= SAzr 7|#M THISofe 2M SAD. 

s arasi #71 a n wsj ^s^, s saiiaisj 7ig a es£S¥ei ssshi 301 

gm\M 7HA|E|^ S3 §, CHS^ei am *!Ssr3, CrMH- SQ. 

1. B BIS 2| &a12| SB§, (a) »Ea 715 SI01I All Eafllg *JSo^ SSlh <b) # 
71 391 E2*il £1011 fll »S5» ^2oKr 332K .(c) #71 £g (b) *Q)L 4=±# 3Et»fe 
BSI7I SQilAi b^jeji 7|ikjii g«E|g *«ofe 5ESf£!CK 

2. B US2| §-a1BJ iSS, (a) BJ-Ei-O Oil All H3*HM SSoh= (b) & 
B£PI SMAI, 200*c~Wc^ SSEIM tSSfe it^Q. 

OloK g grSSJ ajaioiim EE Oil ^l^oKfl 6^11 ol fiSfitD. Sffl-, ^AIOHI gS^^I ?ltl ES 

mi Ai, ggtj- ?fe ¥^(Hi= sst* soin, n sss a^Q. 

(SAIMI 1) 

B fiAI(fl|2| DRAM2J g{gg £ 1~SE 18g :0|g5(01 RAICHS fiStJCI-. 

E 1011 EA|*r I£)L MS p^BJ S3§ flEIS^S OI^CHAI^ ^Ei-fl 715(1)9 ?S 
?1 MBJ S^Oil 4:7} gEI(2)M SStCh Et.^ OI ^Xj- MEI(2)# SStJ-^SW, E 2MI EAJti" 
Um t?, iXF SEI(2)0il 9§H ^£Pf lEi^£] 7I^H 2 ^ «#o) ^ S^(L)Oj MAICHI ^^^JQ. 
OIS g^(L)°J Z{ZHWfe" EafflSJ tt^S SSofe DilSa M MISFET Qs?F 27H^ s 

s-7i 4:Af gEi(2)a ^g§i-7i £itnAi~, ersa 7is(-i)2i igt ihis^ioi aoi 3oo~4oonm §E2j g 

1 01 LH^Oi! SFS d-t^EIS^a TU^MM 01 LH^g 5tmi-01 B!"ES|| 

715(1) 9|-0| CVO(ChemicaI Vapor Deposit ion) ^4 , EI^^(4)(5| ^]Ji| 600nm §E)i El^*j" $ # 
4+a^EI5Si-(4)a tm 7\7\\ SDKCMP: Chemical Mechanical Pol ishi-ng)BI££ #EIAI^^^^ 

CI-M^S, ^EXil 715(1)011 B(M^)M 01^ S(3)a SS^Hl, Tjl^oHAi 1(3)21 

iSS HF(a*t)7|2| A||§ a|S.g AilSti" tfESI 7IS(1)B ■.■dffl«SS« 1(3)(&« S^ L)2J 
EgOfl. °f ^]]|| 6nm §E2] 71101 M §3^(5)g SS&Q. 

CS^S, E 30il EAIB HrSh &0L TtlOlM §351(5)21 fe^Ofl 7j|0|M a^(6)a SSttO-. TilOlM 2 

^(6m, oaa as nom §3^(5)2) fe^on po) eg Est!- dss ^eis^k^ ^jji 7o nm § 
e), moa- §^g) e^ jin(s»hb)£3 oi^oiai- uheioi masKsi- Bnm-ionm §e), ihj- 

(Sie!^, SJ- ICDnm SE) 31 §tF^EiE^(?)(^ ^JW 150nm §E)S ^Sj^S mW * 5§ 
EilA|^E°|(EAI *S^)g D^35 OIS EEI-01 Oilg^S^ **g*!D. Ql§ SEI5S}" SI 
gSr^EISSft?^ CVQg^^ H^mUl, UHEIOI Dilgs^ ^ W5f= ^iHEISa^g EI^CK 01 Til 01 M 
2=(6)S ?4EAj(!yL)HSA1 7l^tiCh 711 Ai, S||M ^± &M(mt hydrogen oxidation)M *Jo\G\, 
TilOlM S^(6)a ^^^fe n^ D9S SEI5^| ^OiL SfS ^El^ ^^tlCK 01 ?4I^ ^ 

± mm\ cEf^s, a.£i5 ?io)is»- ii^^^s mi^m ass * sad. 

HhM£^, E 4011 EAIS!" UKF BOL-.fiB a(3)M As(UI4s) ES P(2i)M 01^ ^BBHM. TJOIS g^(6) 
21 °^2J 1(3)011 n^ B.KB8I S^(8)(ii, EEiie!)# SSSJCK 0|7|3JrA|2J ggOil 2J^H, OIIEEI 
^ MISFET Qs7|- CH^f 

cms.^, msn 7i5(i) am cvds^s a»tfaa^9K^ ^n.5Q»). a-tfswaasKio)tsr ^ji 

600nm §£)t D*»B1, 7t.*fflM ^a^Eia^(10)2J E&W tm 71711 20^^ S&tftJ' 
an^MSj-(EA| '«Bf)» D^S oKM. tSrSEia^(iO) S §a^Eiast(9)a EEK3I " MfitlSSJW, 
OilSEI a .flats. MISFET Qs2J OHExil S^(8)(^, EE]|°j)2J a^q|| aeje^n, 12)§ 

ttsto.' -iraifflaasK'io-yai'oiss", atteiEia^oii pte aw § 132s tssm, asi-^Eia 
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s«9)2i oiss, aeisoiu 6«weiseroi im wis *j^hi:?i- 3 zsa^g tretQ. otog cu-ek gei 

MS(11, 12)01 n 01 M B^(6)(«Efl)0l im® W\ StHself alignment tjggo, 

□§25, £ 50)1 EAItf HE* SOL SH|M»(11, 12)21 LH^Oll ■aH(13jB SStJCK MEO(13)S 

£i^ai=, aswiassKiiwsi g^oii pceng Esth ns ass eas^n cvds^s ei^mj- 

S«IE<(11, 12)21 LH^WI 01 n*! Dig *, ao|M*(11, 12)2| 3*21 n 

*J O^S £E!5°m 9QKI(£E& Wl BI7ISJO. 01 *, 8*1 aiH 2|«| SEO(13) 

LH2J g*M(ej)S ttEfl <3^(B)(±±, ES\2!) LHS «K+A|3I, n§ HJ-EH 39J('8)<±±, EE|| 

°i)nh g£U(i3)2« Tatjej asm es&o-. 



»» ¥(15)M ttfittO. 

C»2S, 9* S(15)S| LH¥(HI ME13(16)M *«BQ. ME13(16)M 9ISIAI& OOfliaS 

^•(14)21 ^0i| HIM ^fflE1HB£g TiSfiU- TiN°j£j S»St23 Ol^OjXl^ HHEICH Dill^M nW 
*H2, Tjl^oHAl HHEIOi DillT^ ^Qil CVDg££ «RM msWogflL &g S(15)2j LH^Oil 01 g • 5» 

maw ». a-s s(i5)°i 21*21 on °m aw 7M sorass *otio. 01 meoo6, i3)s 

StL MEEI 3! flOIS MISFET Qs°J BES 3*5(8) (4:^, EE02!)jII- Hi^d BLOI S4S 

CK 

D82S, .4»MiaaeK14) S MEi3(16) 9|0| H|Md 8LS SSS!D. HIM*! BLM SSStfl 
TOMS/ MM. MS 14')2| 4^ Oil .^BEiBBiSS TiMSf(S|- ^JM 10™ §£, EAI tfBf)* 

DWa, TMttAI. TiN5t°J g**OI CVDg£5 113^ =1 50hm §£)§ 21*^ £SaiXI±MS«E 
A| tfef)| Dh^3S 5f01 OIM EEfOI Oil 

E 60)1 EAItl HE!- SfOI, HI Mi! BL2J g*0| CVDgog 4«MiaSSK17)(Sr ^]Jil 300nm 3 
E)M ITj^KQ, fll^tHAI aw ?|7il 30^^ 3 £3# S^^CK ag£5, ^f^aS^(17)2| 
CVDg^S l5^EieS|(18)(5| =JJj| 50nm §E)g 

ag££, St^ae^(18) ix^EISeKI?) EM EEhOI 0flS«2SM|, ME1H( 13)71- DHSS 3^ 
MS(12)°I fe^Qil ^(19)S SStfD. 

SS S(19)S, 3 51301 3 eh^2J aiiJMS(!2)°J ^OCTE^ SStJO. 0! S^, 




1(2 

dm :7ti^HAi oaa £Ei^( 20)21- ^ioiai(21)m ttE. oi-^h^ q\%z\o\ ^sej 

S2j BSttiassKie) 3! tfswaa9«i7, 14)1 EErorwis*!-a. 

C^^, Cf^S ^El^5|(20) ^| ^10|A1(21)S EEf-OI CHIg^S fllT^ E TO EAitl" UffiF 
SOL Sh* ¥(19)°J LH^OII ME13(22)M «StiD. 1E13(22)M S«oPI Z\i>M^, ^2 It^EI? 
^1(1 8) 2J Ah^ojj ps Egs] . ^ Q^g ^'EI^S CVDg££ &g g(19)2i LH¥0il 

^El^^m DHStl- ¥(19)21 2|^2J Qig £EI^°m ^ ^|^| 2D^(E^ CHI 

^ITiSJ-Q. 01 UH, CH^S fe'EI5B|e ^tH SOKE^ StH Oi|g)t^^, ME1H(22)2i 53 2j 
^0|g 5h# ¥(19)2J Afc^^y §f^o S ^£|A|g!Q, 

E^2S, E SCHI EAItJ* b|-2h ^OL SEiH(22)2J ^011 HHE|D1S(23)M ^^tJ-Q. UHE|01e(23)g m 
WflAIS, ^tf^EIE^(18)2J A^i^^o^ WNEm ^ 7j|^HAi ¥(19)21 

21^2] Sf*4 71711 30HS(E^ EEfOI Qil§)^ ^ilTi^CK «HEI01S(23)g, S§ 

2J EgOIIAI tH^HAI^ S^aOII 2lfl, oh^ 2^ ( 30A)e Ru(^E1Ih)2F ME13(22)M 

□^s 4'Eieoi asm ^ ^eiawie opi.ai?i& ^m ^ais^i n«i oi uh 

EICH#(23)g WSJ- 2£ TaN(St|-&}W)5|-£S SS^BE SQ. 

OI W, ME13(22) ?|0iL Ru^(30)^ OI^OjA)^ 3^(30A), a^e|-^ov (32) o^ 0 |sq,^ £ gg 
ggoi. ri w°|/r u o|o S oi^OIAI^ ^ 2j^(33)^g ^ah E! ^ g S gEf ±XKainAIH) CM 

01 §M ^rAf C2J £§M, E 9~E 17M S^ShSAI ^1^1 fig^Q. OIM E^g 

"■33(22) *|2| §S SV ^AhC21 08§ S^S 2^5j£S EAR? ESOIQ. 

E 9H EAI*]- BOL HHE|Oi#(23) ffi i^'B|^^(18) ?|Dfl a^£|3E|(24)M EI^Q. §M 
gap ^AF C21 ^ 01 Aht^EI=°|(24)0il SSufe ^9(^^)21 LH^OII 

a^si ss^m HTii shoi my&m ^i-ai?pi ?i^ai^, Lm£z\2?iW)m ^nw.&n 
§e) m*ra- sa^k aa. iri^as^(24)g. on* 13 EiiMEKHi§Ais&(TEos)g 7^ 
s oigti' me^of cvDg^^ E\mm, 3 m, ^fioii coa- n ssm ?w 30^^^ w&mt 
a, 

QmS.^., «ASI5SK24)a fi*M AjaElilS^S °| =J» 20Chm §E2] IE|sfSH2. TO^IIAI W 

■HB|.. : 4W».BW|- WA|°IM "E5&SS«, ohE 0^3(26)^ SStHIh 01 i}E 0^3(26) (W5J".)£ Ah 
afilE|ffS|-C24)Q| CHt!- US d^UCT -SSaxl^MSflW UM 3D\ ttlSWI/ ^WS sf ^BI"2J a^EIE 
5 J , (24)S OilSS" [E|2| DF^aSAI AFgtfQ-. 

L\E2.^ E 10011 EAIlL 1 " UHF STOL SFE 0^3(26) SIN, 5JEE|IX|^MS|-(EAI ^)M S«oHl, 01 
5gia^iMH« "DhiBS ohOI ehE DhA3(26)M EEFOI WS*!a. TII^HAi, 5hE 0^3(26)^ Oh 
A 3i SfOI Aht|^ £ j S ^(24)M EEWI DilSt^SML ^^(^^«)(27)M ^StJCF. 
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(27)21 73S01IS &S *(19) LH2J HHB|Oi#(23)2J SS0| kgSO. 

*; e noil eai**- aoi/.asttiEissK^gi ^ si (27)21 lh^oii, ^BEisaoir sm 

W°H29)(^ = Jjfl I5nm SE)» Il^ftfD. 01 MSf(29)S, *R|ftS! i«|rSEI5^(24)0ILh Ru 
U 52 # 3EI&2SWI, ifa-4 , EI55f(24)2|- RlPK30)2F2| S*T«g 4= K£ S^Oil^ St*T*&l 

00 a oS o — 13 — r~ .aa 1—1 • 

7I*WIAL E 12011 EAIB- HlSt 901, Wat(29)2| £901 CVDSCHl HJ^H Ru5f(30)(^ =)Jii 30nm §£)§ 

nwfe aoina, 01 cvoaoii 2itj Ru^sj ei*t aw, ^siEiggoii 2j*h at 'en is™ ruske 
ai a^f)g ssto. oias, ^m-asBKHi sjtn 333 ^01 aie^ eich, cvdeoii °m Ru^pom 

SgSjog S9M9\?\ USOICh 

01 RiPK30)S, (fl|g MS, (HaAieSSEH:iO|ia*ED&(ethylcyclopentftdienylmtheniun)(f^ 

2] E)IEE^IHS^a-(tetrahydrofuran) ^ 0L(£hi)§ oKfl CVD^Qil 2tfH 4 2iCf. E 

*h Rt£|- *HAB^£S0M|I|0FAi|S(h8xaf luoroacetylacetone)(CF e COCH,COCF i )2] atfltMS! Ru(HFAC), , 

H=0(4S?I) 9 Hr(*i)M ^H3i «J3W 4= 2iD. E*h HFACzr (CF,C0CHrC0CF,)~g 2|0|**Q. 71 

*WA|, m± (tfPI, 700-c, lfcKJ2| g^EIM m\0\ Ru5«30)g »gtKdensify)t!a. 

n^MM, E 1301 EAItJ- H^h 90L Ru^(30) 9|0| ffi£MX|±E°KEA| «Sf)§ ESS KM 29 ±eS§ 
t5*J- S, SStl^W, ^9(27) LHOil SSan^BSKEAl BSAIZSCh 01 SSEKI^jests, 

QB SS0IIAI £2h£EI55j-(24)2] 6W2J gg a ^ R U °J-(30)S EEK3I CHI^£S BTiU" OH Oil, 73(27) 
^ U«(**l 9 *IE)2j Ru°t(30)O| fl:HEI£ 2g BWIfffe Mfis^SAI AtSBCh 7|4flAI, 01 5 
SEIIXI^MSj-g D^3S SKM EEK3I (HISS flteSWL £M»££l5Sj-(24) «2| Ru°i(30)g XilTitJ-^ 
« oF¥ 2^(30A)g TH^HAL 73(27) LH2| SSIITa^MSjg fl]?i*HQ. 

qb^s, a^(30A)di 3«s ^(27)21 lh^ a ^^Ei^°t(24) ?ioii g§= §35|(?hmaiei g 

9^)01 El^ IQim §E2j i!tl-&S^(32)g Ul^CK ^th&W^(32)^ S!EF01I^A|&W 
(pentaethoxytantalun)(Ta(0C 2 Hs)«)2l- ol-CM CVDB^S fflsf^P-. 

01 CVDE£^ Kl^rS i!^eif5«32)s d|g§j a^ H0!Q1j 755 0,0, 0( ejq^, [[fEW, ^ 

&B oj oj. a ;H a, # o |§l H»EI(CHy9)» AltO- 01 flflEIOl SJ^H, ttsF&S^(32)S 
ISaEICH, i+tl-&% | -5i-(32a)^S SCKE 14). EtL^ 01 gflEIOfl 2J^L ^SW^ LH^J ItJg SIM 

01 S^Efe, H^O(^^I) SI Hr(4=^)°J St? S?I7I eCHlAi, OHM #9, *8tO. 

0121- ^"OL B AJA|(H|0i| [[fsg, A^Eh^(32)Ei ?H£j# ^Itt S3SHE|§, H=0 S SSJ- S?|7| 
SOflAi tS^h^l (DSN, 01 H=0 SI S2THIS BlOi^g^, A ith&M^-(32)°J 3f#2J 3^(0B§ 

oh¥ s^(Ru), wN°K2*r#)om hheich#(wn^))°j mm anir 4 ^ck 

OlltO SI H^l SStil log[[HJ3]/[H.]]2| XllOIOil CHuhOI DI^KH! SStO. 

E 1524 HEH* (a)S. 711 1 (RuO^ft )2[ ?!l2(R^H,0)21-2j g« ^ BH(H j Ai oj k2J [H ^ gj.g s£ 

Oil CHofOI LIEFB aOIQ. 0| logk-log[ [H,0]eq 1 /[H r ]eq 1 ]([HJ)]eq 1 : §S S9IMA|2| H, 02J tfSJ", 
[Hrleq,: S3 ^EHHAISI tt°J tfSr)WI 2|*I UEF^Q, 

Etl", E 1521 HEHE (c)^, 71l1(ToA+H02F 71l2(Ta+HrO)£|-°J ^EHOilAi^ ^ ^ k oj CH ^ e b h 
S SEOil CHol-Ot UEfta 20IQ. 01 I ogk- 1 og [ [ hiO ] eq,/ [ H. ] eq, ] ( [ H.O ] eq, : 2£WHIA|£J H,02| ggf, 
[Hrjett: 13 ^EHHA|2| H=S| S^)0|| °m UEH-HH, OlEffi- S3 ^ Mia- 71122^ 3i(8lbb 
s)°J (HIUX|2| *KAB) MOil °J^B 7M ^ 

[QEI-AI, 0| ZIEHE (c)Mtf OhEH^I S^Qfl ^|x|3fe ^3 SHHIAIS, ToA^ • atf^S S30| 01 

Sph^l tfflSOfl, «tell^K32)2| SflEI AIWI^, H=0 9 K:°J ^2}ti|g E 15011 EA|*J- HEH^ (c)MQ 

^i^j s^oii «.«bfe» a pis' aa. 

tlE, E 152| 3EHE (a)MO- S^Oil ^|««fe 52 *KHAIfe, Ru7h dthEl^ S3 01 01 

BWI [IHSOil. t^e9^(32)2J g^EI AI011S, H=0 9 Hr2J «9til« E 15H EAI^ 3EH^ (a)SCh 

0FEH2) S^Oil ^!xl^|-Es ^D. 

H.0 S H r 2J MSItiia E ISM EAIt!- nEHE (a)ai- (c)S MEi^ S^Ofl ?lx|^FE^ XilOiuF 

sai tra&i h °H32)2i gx-iEig aei-s, m^- s^cru^jsi mm QmmM, mmm^oz)^ °m 

^ 7HS1 *m $ 2iQ. MIM Kl, BflSI SEM 700'cS oh3, H=0 9 H5I tfSIUKlooIItGOl/IH!]]^ 
-€.71<Iog[[Hfl]/[H r ]]<6.98S SQ. 

EtLN ^g&l^(32) t 2J 3S2S ?»l/d£, 500*c OI^OijAi SflElf fflftfe 20J H^§Kl.h 

oia- 9ol s ^AiMoii mmm^(3Z)2\ '°tg THflft.'wtr aaa-i, h.o 9 b°j ^ m^pi 

SKHlAi, H:0 9 HrSI: B2ttJ|([HjO] /[It Da, fl& B»EI SE0||A|2| ((Hfl]eqi/[Jt]eqi ).MQ 32, SE6h 
([JtO]ec t /[H=]eq=)aQ ^Offfe 53 9KNAI tJtlZW UHSOII, S^(Ru^)2J >+fB '»X»raAI # ^ 
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anfsrs«32)2i °m was 4 sio. 

n ia, oi mnz\ aioii sioiai2| s^cru^si mm °tzi nm a*rs *m % h 4 siot, <y«& 

l^(32a)°| m^m 4= SI0-. E£h ol¥ a^.(RjSJ-) LH2J ihilfS Taaif 4 2J0L G| <M-±;>| 

<!+fiese«32)e| 5ls2| o>¥ 2^(30A)(Ru5}-), »N^(29>(2^s)0ILK HHEI0l=(23)(WNS}-)O£ S»£SI£ 
2fS 2|H# 4= S1Q. . CD-EFAI, 0IS ¥*|0|| <ys|S|0| g«E|£..30l 2|*l- ES SlfS XHTCT 4 SICK 
WW. S Oliah S&P(22)2| SI30I ^OK U\Htt SSM S*|'0| S|S*hS S2K7I HQ. 

E£h E 162J 3EHi (b)^, HKIMtW 7a 2 (W+H=0)2JSJ S§ gtHI)|A|°J !*! #4 k2| CH4S fflg 
SEN 0)5(01 LIEI3 HEH= (a)fiQ OIEH0II *l«t»Q. 2#4»- HfSl- 1T0I, 01 

logk=log[[H-0]ecb/[ll-]eq.]([H.-0]eq,: £EH0IIA|£J H02| BSf, [Hr]eq,: 8« SEH01IAI2J H-2J MSflOII 

aw ueh.hu, oi #4 mm 71122121 s±2i w° oiiuxi2i *ka<3) son °jsh ^ 4 sid. 

^. ftO S! H=°J S IBM EA|*|- 3EHE (b)2F HEH= (c)S EEim S^Ofl *l*l*l£* xflojsh 

sai mmm^(32)Si <gnz\m mm, s^cRuSttom wajsi yjxiseAi, d-st&iw 

(32) 2| 5|1 7HSS tSM 4 S!D. WIS 53, S3EI SES 700"cS SI3, H= 0 S ffc2| tt3H| 
(lo9[[Hd0]/{H=]])= -6.71<log[[H:0]/[H:]]<-0.E2S S!Qh 

n aai, 01 «*iei aioii sioiAisj a = (Ru ef)o, a^khi suss a as am ir 4 stoi, 

SS|(32a)2| u|-£S SXIir 4 SICK E*J", £R(RuSf)0IL|- WNSf(29, 23) LH2| i+ilTS 7a3*f 4 
2101, Oil -*|(H| Aj-SROI g3E|£ 2011 2|*i- Eg ggfS 792%- 4 SIQ. 

E 17011 EA|*> bl2f gOI, £.HieifS|-(32)2| &^0j| 2^(33)S SStJO. #¥ 3^ 

(33) £, Mi 13 ifSJ-SS-e*(32)2| 4W0H CV0B°£ RuSf(33a)(^ =J« 70nm §E) a IPK33b)(S|- ^ 
11 100™ §E)S Elsftl^S^I «jS*HIK Rd^(33a)S Ru^(30)2|- DI^Mi *S«!a. W5«33b)s 
^« S=(33)2h HHi!2F°J a^S 9|t| Afg^Q. 

SgCHI 2JoH , RiJ5J-(30)^S 0|^O1X|= ol^ 2^(30A), i+4l&SHK32)®S 01^0173^ 11F 
§3 S|- 3 W°K33b)/RuSK33a)«S 01 ^01 XI S- ^¥ 2!^(33)°S ^SH^ ga iX} C^h 

ffllEEl 3 d E ^g MISFET QsSI- 0I2CHI g^S §S ^Sjg glf iXh CS ^gEI = 

ORAMSJ DUE El ^01 [H*F S.^aL1. E 18£ §S sfSjg Slf iXJ- C *Jg §£J &EH 2Sj 5lS S«| 
HJ S3E0ID. E 8S, 01IS S3, E 180U12J A-A¥°1 93E2I CHStfCK 

□ §M ^g giT ±X1 C°J 4^011 d+aSEI5SJ- l£S 01^01X1^ sZl- §3S)-(34)0| SSEIH, 
ESJ-, 01 §35| *|0|| 2s SE2J A I HH£!0| «SE|0|, Sl^sHJ Al HH£|2J ^¥011 lAIWIOIdSfOI 
SSEIXI3, OIS°| EAI^ iS^HQ. 

m&<em am hoi, b ^tAioton n>=3, atoirsK32)2i ?m 7H^s . ssieis (to n h-hj 
su- *wi soiaj tms:>i in son, oi n-o a it 21 s°tjis xiioim^sAn, ti«eim(32)si si#£j 

S^COJIS S3, Sh¥ 2^(Ru), W5«a*»)0IU HHEI0l5(WNS|-))£| mm >g7tot 4 

'mm. h=o a h=^j ssjois e 15011 eai*i oeh= (a)£i heh= (os sei^i-3 ss?oii ?i»sies *noi 

S13A1 {*5mWft(S2)2\ HflEIS tSSI3, 5l¥ 2^(Ru^)2| imiS &XIS13 Al, AgF&§S|-(32)2| 2f 
1'5J 7HSS tSS 4 2CK 

E*f, HiO a H,S| ggjtHS E 16011 EAI'K ZIEHS (b)2f I1SHE (c)S gE1^£! g«ij|| ?|x|S|ES ffllOl 
513 Al d+3J&WS|(32)£| gflEIS t.»oh3, o1¥ S^(RuSf)OIU BfPJ-SJ aj-JIS ifXIohSAI, i+H&lfSf 
(32)21 5|g ;h^!S tSIT 4 SiQ. 

3 32k 01 g«E| Al CHI SICHA|2| tY¥ S^(RuS|-)2| ifSHHI 2J*J- JflSJ S*rs =171 S 4 SiOl, i**m 
gSf(32ai)2| m&m &7m 4 21EK E*>, RuatOlU- l»HS| LH21 i+±§FS Xlgm 4 Sid, Ola ¥?IOfl 
mmO\ 4555!^ 31011 2|*J- El Mlffi 73atT 4 21D. 

uopi-Ae, §a ^sjg gsf ix> C2i sgi tf&'-AiFiii, e*]-, oflasi ^2j m%m tf^-Aia 4 

SID. EEL OlA-BtH! DIISEI 1 ^5011 A1E SSfe gifS SlSli 4 Sid. 

Eti-, S ^AlOIIOIlAi^, S^S RuS 01 go 101 SSSISXI3, Ir(OIEIM), Pd(^EIg). Rh(SM) ^ 
S Pt(^IS) g2J »»^*> S^OIU ^?EIS OlgolOt S1¥ S^S ^SollE SO-. 

E*L F SAIOIOilAI^, 8? §3S|SSAI ^SISSSIS 0|golSXI3, AIJD, , BST(Ba,Sr,-.TiO, ), TiOb , 
Hf(fc, ZrCb, BaTitt *8:SrTia §2J QlgoUE SQ. 

Et.L S AINOIAI&, HHEI0IS23AJ WNS^S 0|goh»XI3, TaN, TIN, TIW, I, MoN ^ Mo gS 01 g 

CH7IA1, MS S3, ggf ISStogAI i+SIS^Sfg OlgolII, HHEIO|#«SA| TaNS S^OIIS, 
HH5IO|*(TaN^)2| mm ^X|ol3A1, irtf&SS^2J 5|^ ;H£!S 91^ S33EIS tSofc 201 SSWlCKQ 
45^SEI. Eti-, Ti, TIN, Ta a TaMHI [HSKM H^olS, TIU TaS 5«miS- OIS Sfg TaMIl i»3l-EI 
71 ^IH, EtJ", Ta21 gg5l7| miSi?\ &)\ tOI^OII, gSf gSSfSSAI tttlEJWS)-g oiStf 3^01=, 
HHEI01#£SAte WN, III, MoN ^ Mo7| bH-ll^olCUl 4521-SEI. 

0121 HDI, glf SSSf LH2J S^fiD » ifslEIXI SfS S^S SjSSITfl. dO|*H)t. HHEIOIs^e S g 
271 SIQ. ^teiXI Sr^Qj ai- OflS S3, E 15011 EA|*J- UI2K^ 3EH=S OS* 3 

°. §lf S3S| LH2| =^011 CH*t 3EH57K HHEICHs LH2| =^2J 3EH=aa OI310II 9|«Sf= Ss 2| 
□IBD. 01 HHE101S 2|0fl, glf §3^2| S1S2J S|« £!=0|L| S^sOII 01§||A|E 01*^1X101 
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a. 

01*71 gif mv^m si#2i g^ccfflg §3, s^, s*rsoiu hheiois)2| tmm » 

XlslES glf §3SW| °H 7Hdg 91 tt H=0 a H=2| St* S9I7I ^01IAf°J g*|EIWA|2| H=0 3! H=2| 
(SjAliffl 2) 

-tfAIW TM/dS. 5W S(19)2| LH ¥M n« -CHS fi£l55|g DHStfSS-W gEO(22)g *g50, 3 
■fiftMH «W£S OI^CHXI^ HHEI01s(23)S SSttaxlEh 01 1EU a HIE|CH«S| ^^g 0IS121 US 
q*g££?HE BD. 

OlSh S 61 A| 01121 DRAM2J SBi SS£!D. JEtt, S3K3E152K18) a >+i^EI=^(17 ( 14)g 
5EKJI. MStlSa*, 5M ».(19)C S'gJW = , E.1-E 6DlX|g &£olSA| fl8& gAIM 

121 1^21 0^71X10171 ttHSWI 3 4SSf*H3. Mb S A|0|0|AI=, SHI #(19) LHOfl *gE| 

= gEi3 3» a or gsi3°i g-^oii *s«§ gir ^xi eg s^g^s EAiti E^g 

OISSHJI 3tO. 

E 19011 EA|*+ HK1 HOI, £hS #(19)21 LH^Ofl gEI 3(222)1 **S£!0. gE13(222)g SSSPI 91 
Mtt=, Zti. S§ #(19) LHS Et#l= ltl^Eieei-(18)21 #J*M WIS gS ^fflElilg££ T 151-31 
T1N21-2I-21 SjgSfog OI^OTOS UKBIOI 0111^(221)8 El^ffG, Tfl.^olAI HHEIOl WM*& CVD 

ase waf(222)g mmi2.g.Jt\, ss #(i9)2i lh^w oig am oHgst *, shg #(19)21 21^21 01 

S S».aW 71711 SDiaSS JS0\ttG. 01 #(19)£ iSkJ|EI»9Ki8), £+Sl£EI2!Stt17) a if 
ffltfEI*aK14) LH01I SStlH, 3 H¥W£ L3SS tf5l5SfSS 0l?CHX|= gEi3(13)71 ±#£101 
SO. 01 UHEIOl 0)11,^(221 )^ gE13(222)g ^SShS |SH|. gE13(13)g ^SSIS DSS £E|^DI 
mm 3S ^EIAIOIE &gg 0P|A|?|£ »X|§17| ?|o«A1 «g*JP-. 

01 5 20011 EAItt HI2I- SOI, gEI 3(222) 9|0il, Ru9|(30)£S Ot^DlXfe Sl¥ S^(3CA), i+S& 
I?S|-(32)£S OI^OIXIS glf §ge| a WSjyRuSfog 01 = 01X1= &¥<S^(33)°£ = SS * 

51 g giF ^AKTHIHAIEI) CM fJStJ-Q. E*h 01 gfi **{g g^f iA> C2| §S £ g»£ 

17S &2«13A| «3Sf filAKfl 121 §°ai 01&71XI0PI [IBSOfl, 3 §S# WKtCk. 

Olfe 1 - ^St!- Uiai a-OL S ^AIOIIOII [O-MS, ^AIDII 111 Oia^lAlS, <i^l&WS|(32)2| ej-1 7Hi!S ?l 

ti mm\m *»sis7i m son, i+s(&sei(32)2i si«2i s^mm ss. a^(Ru), mNSKa*»)oi 

LI HHE|01*(IN9{-))2| <ysl# &A1^ 4= SiQ. 

MEi3(222)g PfSS ^SSIS17I OISOI,. ^Sl&W^(32)£g^Ei 4'EI 5^(01 3^, SE13 
(13))DCT2| TIEIfi 3711 S 4= StCH, ^E|=^2| <ysig ^73^ 4 2iD. 

^. B 4'AI(m011A1S, t^l&^(32)°gYE1 SE13(13)2) S9D1A12I 71EI OS SlfiW 4 2i= HI til 
o|-0|(E 20), 00 g gS, ^AKfll 1(E 17)2| S^OJ^, i+tl&W^(32)SS^EI ^'EI5^(E 172) g?, 
gE13(22))2| SSJ1AI2I 71EI= 0 OIS1S SQ. 

tfEIS(SI)S d+StHWSt(32)«S^E1 gE13(13)UlA|21 AKDIOil 7HJHSfe 2^(0111 gS, ©1^ 3^ 
(Ru), W5KS*r#), gEU(W2j-)(222)U UHEIOl 5(Ti^, TilW))aD <y-t(-EI7l 4=|g S^0I7| tBSOIL 

oig ^^ioii ifi7h saa s^oii^, sail ^7i oig ^*i lhm ntmo\. 7 is <ysiEi7i 
(si)ai itj^Hswi ers»ap. 

0>E1A1, £EI53t2|- 0|g TflSCHI^ ^19|0| £S7|7I SID. 3E1LK g aAlOflOHAiS SEi3 

(222)g lafog 7^5^71 [iisoil, ^SlEtWet(32)SM¥Ei ^EIS^(OI 3^, SE13(I3))J1A|2| 71 El 
g 3711 14 2i01, ^El^2}2| <yslg gfflt 4 SiD. 

3 12K .flAIOI 1MAI flS*l- 211 21011 gE13(13) LH CHI £*Wf2iO\ agEIS SOU SJ*h El Mlfg A) 

aw 4* so; 

Eth, S iSAI MAI'S, gE13(222)g Itf^jg OlgSlO) SgSBtAie, 01 21011, UN, TaN, TIN, Ti W. W, MoN 

*eno-5* oiana sa. 

.(^AIOII 3) 

SI AIM 20JAIS gE13(222)g Wet°M ^^SISAISI, 01 gE13(222) LH CHI Sig tJSAISE SCI. 

Olol, S £A|M2| DRAM2I 7315 SSt.H3. EgJ, gE13(322)2| «g 5§ 0)21 2| I§§, SIA| 

M 2 a £A|M 201IAI ojgSlS 6! AIM 12| g§21 01&71A10I7I UHSM, 3 §S§ gSfgjq-. 

E 21011 EA|*H H12I- SOL &* #(19) LHM 5«miS lt!S!EiesK18)2| fe^Oll Oflg g3 ittlEIHS 
.£S-"TISfi& TIMamf2| 5J=EJ-o g 0| = CHX|= UHEIOl 0llgaK221)g 21^013, TII^SIAI HH El 01 0111^ 
21 ^¥011 CVOgSS WHj-g fflsltlQ. 01 M, SiH.21- WF e g SSS §101 CV0S2S S^^SAN, WSj- LH 
Oil Sig tfSAIglD. 01 S12| tiZmS SOX OlolOICl. Tll^oH A1, &g #(19)2| 21^21 0|g 5{g mi 
71711 301«£g 7i871*t-£S-W gE13(322)g ^^tiCl. 

01 w. E 22M EAI*H U121 SOI, gE13(322) 9IM, RuSK30)£S 0|^01A|= §1¥ 3^(30A), d+SI& 
l h ^(32)£S OI^CHAI^ g=f §92}- a (P^/Ru^om OI^OiAIS ^¥ S^(33)SS ^SEI= §M Sf 
gg iAK7HlA|E1) Cg 

0121 SOI, a ^'AIMOll LEES, S1AIM 111 01&71AIS, iJ-fl&& , 9,'-(32)2| 5f§ 7Hfig 9l*h ISHEIg 
tSS!S17l [fflSM, <yst6M^(32)2| 3 IS 21 =^(Mg g3, 5l¥ 2^(Ru), WN°|(g*r#)0|Ll HHEI01S 

(w^))2i an* wait 4 SiD. 
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£Ett, §£13(322)g SiS ttS*h= »at2S ttH5M, #213(322) LHS £*± I? tfiSJ SI- 

41*01 SI4ffil = g^ME, |H[ SDh 01 iJ-iS M1SSO, i!ShS BWHt 4= SiCh. at!". Si 

£ PI LHCH1 EM ^EHS SQISKQ SPI M=M, SB8KM #tHS EI01E «^2££ EJXI 

SWK S20(322)2| ESS «tS* * SID. 

□ B3h tfAIW 101IAI gSth S2h £1011 M&1-L(322)2J ES M&S T^IM,- 4 SID. 

E*h S flAIWAdfe. 8213(322)* IP}* Ol^ohOt SSohSXia, 01 SIM IN, TaN, TiN, Titf, W, MoN 

*S Mo 11 HWS Hth' 

Eth M12 ^?°SA1£ Si 2IM, dttKM 4=IS S^, MIS S9. Al, Hf, Zr, Ti m°\ S^s OlStT 

4 .SID. 

Matt -ififSI SOUfg #01*12! 310171 IQISM, *a3(322)« ^SSfe S^M Ut^H £*m\?\ *IS 3 
MS3 S^££A1 OlgSfS SD. 

(41 Aim 4) 

*!AIM 1-3MA1S, i^Sl&gSfSJ IgtFM Att fl*|E|fl. IU)'9!-H£I 541 MA7I SMA1, 01 H-0 5! ft 

21 ttsrms aoeraAi asiaaish d-a&ss^j gxia§ o\tm aoi tins sd. 

0|5K g gAIM21 0RAM2J X1|£ g3**D. Ett, i+S©i^2J SI £j2H*i«t2J ^1 

i a*!- gxiei s§ oi2isj §§§, «t Aim i.2i ss ah 01*^0171 [asm, n gss wwo. 

E 230)1 EAItt bJHEVF 901, HV* S^(30A)0| i<S& ^3(27)2J LH¥ S dthg £15^(24) AM SSTB 
■'SSTOI El= 10nm §E°1 i!SHM«i-C32)S ttl*fttD. dSKWeKXJS S!EKH|SA|&W(Ta(0C^5) 8 )jU 
£!4* lies oKfl CVt)g±S III*t£!D. 

01 HsO /+s|^g°}-(32)2J SfiS ASH, 200'C LHAI 400*cMA1 ^x1£| (Dty i!)M MM 

va. oi m/hto a n-°i sauis, ^aim iwai as*!- e ism EAith naiE (a)su zleh= (c)s m 

ElAlfoi 5, 200'C LHXI 400'C2J SE BAM CHS§h= 33 M AXISIES XHOimSAI &*l€»lft 
(32)°l 1SIEIM tSSJD. 

0| E1*j- SE BAMA|£, <ya-SSSV2J lite *SSKI SWIEN IflEI 221 <M-»§!WH|0)| HIM *g 
2113 732%- 4 2iCH, 3 &t».tfSAIH 4= SID. 01 SSEI *2| ttfleim 32 ¥S 432a£ 
t!D(E 24) . 

01 w. E 25011 EA|*h dm BOI. WSf/Ru^og 01^01X1^ fe^ 2^(33) a S2i §3^(34)a S^tJ- 
D. 

0I2F 901, B tfAIDIIOil DM3, i+fh§!W^(32)2| S}S 7Hi!S *l^ SSSIS Ulifl^ 7aS0flAH, Etf, 
H,0 S! H-SJ MSlbIS, 4'AIOII ItHIAI fiSSJ- E 15011 EAItf Hffli (a)£l- HEHE (c)S gE1W2! S^OII 

Aflsi-E^ saoishgAi tss^a7l nsoi, ^sies^si shssj spoils sa, *w s^(Ru), «w^(2 
*rs)0iu hhsioiscwns, 1 -))^ <yss 75ia-s 4= SID. 

EtJ-, H-0 5! H-2J gej-blS E 16011 EA|§t HEH= (b)Z<t 3EHE (c)S S^. e, 200*c LHXI 

400-C2J SAM CHgSfe S^M A*IShE= SI 01*13 Al d+SH!«r9K32)2| SSIEIM tS*iE SD. 
E*N E 25MAI°I g£13(22) S BHBI01s(23)SJ ^gg 4! AIM 2 ??s ^AIM 3MA1 SS*f ^?S^S 
SHE SD. 

oi#, h arsnoi 21*1 oi^ois wss ^ aim 011 71^01 ^xn^ss ^3Shsxi°N b m§s &?\ 

H AIM (HI «!®E|£ 201 OBJ a. 3 £A|g St= SAMA1 QSWCT 

SSOID. 

.Saw 2|J| 7HA|E|= %"3 S, CHS^°! 2SM 2j$H ^OIXIS ZJBSI SSSIS, OluSh SCK 

ga §sif mt ±x\m ^ssis ssr jh^s At!- isieim, h=o sj it 21 sa^i 

S0IIA1, Oj'K.0 SJ H.2J MSWia ■abBJ-SS* tS5hS7l OSOff. -01 -8S «S.e|2J -*»2| 3^(M§ S 
3, s=)£j Aespg g-AI^- ^ SID. 

EtJ-, 5h¥ 2^21 Aj-tHHi 2Rt msj i5sf# .Sj-TJ U" 4= °i01, §§= 13^21 Eh^S STat- 4= SiOK 
Et^, 01 SU= B35|2J SI-S2I LH2J ^ilFS flSAIS 4 SICH, OIS ¥AM iTSROI 4S«£I = 

aoii 2j*h es m&m Aia-^ 4= sid. 

E*f, gfi eiF iA>2J igf tf&-A|?|H, Ett. 01IESI ^°l t^AIS 4 SID. Etf, 

□iaiisi-s miaa a ^maie asi-^ siri n&tt 4 sid. 

(a) S-EM ?ie AM M\ ESUa .SSol-^ S§21, 

(b) ^71 S11 ESfll AM HI IS 5 .! SSI1, 

(c) S-71 g§ (b) *M, 4S7I21- 4£M SA7I 5MAJ, ^71 B!E*i 7 ISM §SSI§ 
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II 

m ss*i= as ?g£s tea s*i°i as ga. 

BlltHHI SiOiAl, 

#71 g§ ( C ) *oji Jin ssn?y i*m.m sr= as ^sss sfe besii sxi^i as ana. 

SiCHAi, 

#71 93 (c) *on #71 ai sasfoi #aa= muss ©h= &exi s^isj as aa. 
.a wm siot ai , 

#71 ( C ) §011 a^| m ggsfoi .asssic as ^g^s si^ ei-sai ssi^i as as. 

g^tr 5 

awn siot ai, 

#71 SS (c)MA|2| #71 4=S21 S2ftJI= 712| 1 : 12! Sfe §«SJ Sfl 

an* 

-1- ou< 

H14HH 2101 AI, 

#71 ai s.mi= «is^ ^ se= at ig°s «s ms.n sasj as »e. 

7 

a am sioiAi, 

291 H -i!S^ BH=(Pt), M£^(Pd), ^aS(Ru). OIEIS(lr), sLs(Rh) aiehei =^oj a 

m §^ ej-aai as ^g. 

ntttOI SiCHAI, 

#71 at IS^S #£«£! =jg mgog m ^ #j|°j S|5 Sfg. 

a egj-ofl sioi ai, 

#71 dShSS TaA, BaSn-JiO,, AL-0,, Titfc. HfO-, ZrOb. BaTiQ., SrTiO. SOflAI fiSjEIS i92 

(a) esai 7ie ?i(ni an ssim ssah 

(bj #71 m SiSSI 91011 a 2 E3SH§ 9§3h 

(c) #71 a2 ssiii 9ioii a3 zmm §#si-= ssai, 

(d) a3 essni *ioii ai §aem sss^ 9snh 

00 #71 S§ (d) * ^S7|£|- 4ii SfiS>= M9|7| HffllAi, #71 BhEJII 71 SOU S*|S|g tSSfe 
ilUife 35s «3£S 5l= SHE a 3*121 «fg. 

HlOtHW 21 01' A), 

#71 S§ (e) #011 #71 ai LHAI g3 £2*1171 tmS\7.\ Sfe 21 S ^S^S SIS BSSI S«21 a 2 

ld»-bH 

C5 fc=l • 

(e) -*n #71 ni saastoi traa^ ^gss zt= bbii »i5 &e. 

g^t> 13 
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H1MHW &GJAI. 

#71 3S'<# »W : 47I SM SlSSfpi iSfEJfe 2«§ Sfe tfESII g>*|2| SIS 
SHOSflll 2JCHAI- 

471 g§ (e)0ilA)2| 471 4=§7|2K 4=i2J ggfH|£ 7|°l 1 : 1°J sfe BE HI §*I2J 731 

-1- ota> 

§^ 15 

aioww soul, 

471 si i ESJti^ sei^a=s sEtmm, 471 si 2 E3 D -t§ ssei a ish iseis stis^ 21s 

SI10*KHI HCH-AI, 

471 m\ Eaais- s^sjg aasm, 471 12 sa^s s^ei s sa- s^eis 5*mfe 2s ^g 
£s sfe fij-Ejj gxi°i si 5 ami. 

17 

SI10&HHI SiCHAi, 

471 si 1 Esai^ susfe s^eig stwia. 471 S12 es^is §±o s a 1 si- §se.ig 

SftWfe Hg«£ Shir BEil 3X|2J «|S ami. 
£J^?tf 18 
SllO*mi 2JCHA1, 

471 SI1 E2SI= S= ^?E|°l 2§ il£5 sfe Sfisll S*|2| SIS 

9W19 

SI18*KM SiCHAI, 

4^1 ffllgi* H -^(Pt), SeiS(Pd)- ^QIh(Ru). OIEIS(lr). SM(Rh) SOflAI 2 E -!!S S^°J 2 

m m®2.s m= bejii sxisi sis ami. 

20 

SII0*KHI SiCHAI, 

471 si i S3sj-= i+swei §g^s ofe a-EJii gxiej sis ami. 

§^21 

H2D4HH 2HMAI, 

471 TebOt, Ba-Siv/TiO,, Al.-O,. TiCb, Hflt, ZrO ; , BaTiQ,, SrTiO, gOilAI d^EI^ 21 S ^92. 

s si= &EJ-II gxi°i sis ami. 

22 

SJ-Exll 7|S ?|(H1., ii, E£1I°! 71101 MS OffOWS ^<s£| Aiejg M I SFET2K ^4=^1 §2 m^g 

oi^oiai^ diisei <Mm ^.fflsai s»-sj sis arson aiow, 

(a) 471 MISFET2J SS £.= £31321- 37I32S S^S SM ES^M t!SS1= 

(b) 471 SM E3SII *IOi SI 2 E3SIM «4Sfe 53 2h 

(c) 471 SI2 ESSII 9MW #71 SI3 E2SIIS SOT, 

(d) 471 SIS ESSI 9101 SI1 ^3^8 

(e) -4S7|S|-4±> Stm= S9I7I SM.AJ, 471 QSfl 7I.SM SflE|§ «Sh= 

(f ) 471 SI1 aSSSf.^OII SI4 E2J||# ^sse S§ 

s sme 5g §g^s sfe Bica saaj sis aia. 

23 

SI225KH S!01Ai, 

471 SI3 ESS!. SM 335!- 5! SI4 E^Xfl^ 471 §fi Mim »Sofc 2i sgo£ ffl- 

Esii g«y sis am. 
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M22ZW SiCHAt, 

#71 S§ (e) $011 #71 at LH73 7313 £a«W dtlEIXI Sfe 31 SfS S!Sj|l 5»S| US 

ami. 

g^?U 25 
HZttOI SICHA1, 

#71 S§ (e) $Q|| 31 §95101 dTSEIb 2© §te #*|2| jgs »g. 

g^ 26 

#71 §§ (e) $0)1 #71 HI 19^01 31 igog §^ §*|2| 12 

g^ 27 
122*HM HOW. 

#71 §§ (e)0flA|2| #71 4§7|2|- 4=22| g£lbl= 71°) 1 : 1°! 21 § Sfe BTEM' #*I2J a 

X HI-tH 
_i_ o t=j ■ 

g^ 28 

122SHH StOiAi, 

#71 7311 ESHIS MEI^SISs SWH, #71 12 l^S! SI S& l^SIS 2S 

I92£ Ste HhESO #7:121 12 5^2. 

g^ 23 

1Z2*HM SiCHAI, 

#7i mi essi= sssm, #71 12 essj-s 9±ss su m m±®m stre^ 2§ §s 

g^ 30 

M&m 2!01 A1 , 

#71 11 ESSte £EI=g ^ §±0!§ StltO, #71 12 ESsfg 9±S! S §sfr @±B!S StJ" 

ofe si §g^s ste tfsai s*i°i ess. 

g^ 31 

122*4)11 2J01A1, 

#71 11 ESSte SE£ ^EI°J 2t§ Ste BEffl 3*1 21 12 

32 

131^0)1 S101AI, 

#71 bh=« »»S(Pt), WEmm. ^Mh(Ru). 0IE|g(lr), Sg(Rh) gOUAl S**2! 3 

m mSSLS. Ste UH£J1| #7:|2j 15 gig. 

§^33 

122tMM %MM. 

#71 II 139fs AfSfgoj 5jg sgog §^ ei-EM #x|2j 32 g-g. 
g^ 34 

mmm sichai. 

#71 <ytHg Teu-Os, Ba,Sr,,JiO,, AL-H, TiO-, Hf Ob. ZrO~, BaTiO,, SrTiO. SOflAI £jB|E| = 2# IS£ 

s ste asai §*i2j is gfa. 

(a) ffiEH 715" .WB 11 ES1S *J£s1= 

(b) #71 11 ESil WOfl 11 ISSfg SSSte 

(c) #71 SJEifl 715011, 4571 ffl- S&Sfe S9I7I §0«A|, 200'C~400*c£ ^XlEIS tS51S S 
S £tJt|= 21 sgog Sfe gjsjo gsjoj Big, 
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m^j 36 

336*W| 2101 M. 

(d) #71 ffl-Bfll 715 S! SIM §Set- 9ICHI 32 ggsjg SgSfe §§21, 

(e) #71 32 19^ 9101 UHdg 33 

§^37 

HI364HH SUHAL 

#71 (c) S§2, #71 (b) §§21- (d) S§ AKDIOil t}o|7q= 2g H3£M 5fe BS«1 3*2| 32 » 
38 

(a) BEHI 715 91011 HI ESHIg t^§S1= 5S2h 

(b) 41-71 HI £3*1 91011 32 £33g §§21, 

(c) #71 32 9|0i| H3 £2s||g ti3S1= SS2K 

(d) #71 33 S.m\\ 91 Oil 3 1 19 ^ SSS|-= 3§2L 

(e) #71 'B!£fll 715011, 4S7I21 42S 5*^1^ M9I7I SOIIAI, 20O'C~4OO*cM ^XldlS tSsfe £ 
§ 

g iS2S SEX-II §*I2| 35 ss. 

aaosHH sjchai, 

(1) #71 715 SJ 31 §Se| 9|0| fl|2 «SB1^ §§21, 

(g) #7i 32 issj- 9ioii mam sssi= s§ 

g □ £S*1= 1925 S1= §fl£| 32 

40 

339*KH 2101 Ai. 

#71 (e) 5§S, #71 (d) §§21 (f) §§ AHJIOi 2g ^SI£M o^E #*|£| 32 » 

bH 
1=1 • 

S^Ptf 41 

e^Eill 715 91011, 22, EElieJ S! 71101 MS Ol^OWS ^4=2J <mm MISFET21, ^4=21 §S 

eif°g. oi^oixi^ oiSEi mm efEsii sxisi 32 sichai, 

(a) #71 MISFET2) 22 E^ EEH2I2I- 37I§£S 2^! 31 E2«|g S!§S1=- 5321, 

(b) #71 31 SSill 91011 32 ESfllg §§21, 

(c) #71 32 91011, #71 33 ESfllg *!§S1^ §§21, 

(d) .#7| 33 E5 ill 9|0|| 31S22Jg ^#BTfe §§21, 

(e) #71 ^EHI }|iKHI, 4§7|21 4=21 S*JS1£ S9I7I SOflAI, 200*C~400*cS ^XIEIS *SS1S § 
§21, 

(f ) #71 31 aSn 91 Oil 34 ESag «2?>H= §§ 

g Sttffe Si ^S2£ Sfe SEfll #x|2J 32 41! . 
42 

341t,KHI 21014, 

(g) #71 SJEJII 715 m 34 SSSII 91011 32 gSSM *J#t1^ 3S2K 

(h) #71 32 §35t 91 (HI HH2g Si§ff1= §§ 

g Q Strife 3g 1121 51= Bfc£H 32 

U^43 

3 42&0I 2101 A|, 

#71 (e) §§#, #71 (d) §§21 ft) §§ A10IOII *SS«AIS 3!g Sfe(HHfi! S« $21 H= CHy 

m S212I ^gtl) »E3ffl SSI 2| 32 an. 
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44 

(b) #71 -w esxi 9(0)1 soraaejs ^gsfe am. 

(c) #71 S§ (b) *Ofl, #71 fljl §9^01 ^EIH, #71 HI ES^s #2|£|A| Sfe 22! oKHIA) § 

45 

XD44SHH SICHAJ. 

#71 (c)2J ^§7121- 4=23 5H*fe S9I7I m\H tSSfe 21S ei-sai 

46 

wmw sioui, 

#71 S§ (c)2j g«EI= 200-c~400*C°l SE0)|Ai *S5^ 2© »te S*l°l X1I2 

gqsf 4? 

(a) .-(SEH 7IB 9|0)t All ^SSfe S§2!, 

(bj #71 All £SH 9)0)1 All g^S^g «SS|-= SglLh 

CO #71 SS (b) *CHL 4=g7|2h 4=23 SlJ^fe M9I7I gOUAl, #71 ^St-fl 7150)1 *SSh& 
S§££A1, #71 §^£|SJ £E0)|A1°4 #71 4=20)1 □)*]■ #71 4g7|2| Mat)l([H,0]/[Hr])7L #71 S£ 
Oil Al Jill (#71 All ^95| + H_-)^ ?1I2(#7I MM 235^ ^?+H=0)7l- S*< 2EHS I 1 ttU°l ItOfl 

CHtt ttOSI g£MaH,0]eq,/lH4eq,)SQ 32, Sth #71 SSOIIAI ?1I3(#7I XIII £3*ll?l <i^S*H ; )2f 
71I4(#7| HI £3JI|+H ; 0)7|- #EHM 1 UJ2J HtOlt CHtf H=(E1 SSTUI([H:0]eq : /[H:]eq ; )aa- ^0(-A| = 
22! SHHIAI tSol-S S§ 

g^48 

147*1-011 SiCHA), 

#71 xin £ssis i= ^aej sis is2£ shs etEiii #*i°j this ami. 

g^tJ 49 

El 8SJ Oil SiCHAd, 

#71 StH£ Ta,0*°! 2§ 59£g Sfe §XI°4 X02 Utt. 

(a) SE*)| 7ie 9)011 3911 £2*«3 « SSfe 

(b) #7i hi Esai 9ioii xn2 Esmg tjgsi-^ mmt, 

(c) #71 X)|2 E31 9)0)1 X03 5S2K. 

(d) #71 X)I3 ESI 9|0)| XIII §SST# SStfe 

(e) #71 §S (d) 4S7I2I- StjSfe M9I7I SOflAI, #71 ^Ex-ll 7IB0)I g*1£l§ *SS^ 
3S2SA1; #71 °J*IEil°) SE(HIAI°) #71 ^2011 Qftt #71 ^S7|°l MetUKlH^l/IH-])?^ #71 
OilAI fljl(#7l XIII ia^+H,)l|- 7f|2(#7| XIII §3 em S^+H ; 0)7h #EHS 1 OB-SI H-Oil 
Olf* H=CB| gSti|(tH ; 0]eq,/[H=]eq,)fiD 32, Stf, #71 SEOIIAI ?13(#7I X)|1 SSX-II2) AHhg + H^)2h 
?II4(#7| X)|1 E2ffll+H ; b)7h g« #EHS m CE«°j HrOfl CH*J" HrOSJ £&H|([H-0]eq_-/[Hr]ec t )aa Sf-QOT^ 
22! SFOIIAI S*IE1# §§. 

s stmfe as fi£s «te eisn iwisj xi2 sn. 
§^5i 

XflEOt.i-011 SiOiAI. 

#71 X)H ESslfc BtjS^ iE= ^EI2! 2jg Sfe &EX-II #7:1°) XII 2 gg. 

g^52 

wsmm aoi Ai, 
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#71 asms t*.&h urn ^s°s sk= arsa 8*121 as 

53 

#71 xiii Eaa= s^eis stme as iiss sis esxi sraai ms. »b. 

54 

(a) 858 715 9IM 31 E2JH2K 

(b) #71 7311 £2 ill 9| Oil iJSS 3502 £3821, 

(c) #71 12ESS1 91 Oil HI 3 £3H2h 

(d) #71 13 ES3 91 OH 11 §2^ 

#71 35113 SSi-ll £2*11=, 11 §92fS SSolS g^MCh 4=571 SI- Sttffe g9|7l 

sobai dtraxi isa 2s ig°s efsi gxi. 

g^55 

■flEWOI SlOiAI. 

#71 11 £2Jfl£r SBI^'EIEg StfSE. #71 12 S^S! SJ ItJ §^S!8 Sttffe 2s 

i9£5 si-s seai #*i . 
aaam sjchai, 

#7i ii sgsiis s^ejs sawn, #7i 12 Egsf§ §±ei s ssi §ie!s sttff= 21s 

g^5? 

(a) 715 91011 ^SS 11 

(b) #71 11 £2 SB 91 Oil SSS 12 S3H2K 

(c) #71 12 £3*11 9IM SSS 13 £3H2h 

(d) #71 13 £3*11 9! 0)1 « 11 §35} 

#71 ii ssm= ^Ei=g s^eis strsm, #71 12 £3Sfg §y gg. s^as 

SB 
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